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XBTMCT or m DlSCI^gPM 

i 

Th« invention relates to a recoabiiiant transfer 
vector for introducing a DNA sequence encoding a 
recombinant protein into an adenor/irus genose. The 
transfer vector includes an expression cassette cosprising 
sequentially a transcription pronoter, a high efficiency 
leader, at least one splicing signal, an enhancer-liJce 
sequence, a cloning site and a plurality of 
polyadcnylation sites. 
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TITlig 9T THB IWVgHTIQH 

High level recombinant protein production using 
conrlitional helper- free adenovirus vector. 

nmff QT TW lyyCTTiQM 

The invention relates to adenovirus transfer 
vectors, particularly to transfer vectors allowing for the 
production of high levels of recosbinant proteins* 
BACTCTOUKD OF THB IUVBMTIOII 

Biological production of proteins throogh 
recoebinant DMA technology has been one of the leading 
aspects in blot chnology research over the last decade. 
To achieve aconosically viable levels of expression while 
still obtaining a biologically active protein, both 
euicaryotic and pro)uiiyotic systeas have been studied. 

Ever since Cohen and Boyer first introduced 
foreign genes into bacterial strains by transformation, 
considerable emphasis has been placed on the use of 
bacterial systems for the expression of foreign prot.eins. 
The bacterial host of choice for the expression of 
heterologous genes has for a long tine been S, coll for 
both practical and econcmical considerations* However, 
the insertion of cloned DMA sequences into an expreaaion 
unit does not guarantee efficient gene expression whrn the 
expression unit is introduced into the bacterial host 
•call. 

Hence, despite the versatility and efficacity of 
its expression vectors, with levels of expression in the 
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range of 20 to 50% ot totiaX csllular protaim^ coll 
suffers several liaitatiom for the ex^ession of 
different categories of heterologous proteins especially 
those that undergo cosplex post^translational 
sodifications such as many viral and sassalian proteins. 
Those linitations include inappropriate or lack of post- 
translational sod ificat ions, incorrect folding, 
proteolytic degradation , inefficient secretion and, 
recently reported, asino acid aisincorporation. 

Because of the liaitations described above for 
S, coli expression systess, efforts have been directed 
towards the developsent of sore sophisticated expression 
systess including other procaryotes, lover eucaryotes siich 
as yeast and higher eucaryotes such as sanalian and 
insect cells. From the review of the amazingly vast 
literature reports on the axpression of recoabinant 
proteins appears to eaerge the increasingly accepted 
notion that there is no "universal expression systen". 
The current trends in the field is to tailor the 
developsent of expression systems to fit the specific 
expression needs. It is in that perspective that insect 
virus vectors and adenovirus vectors have been initially 
developed, mainly to exploit their respective capacity to 
express recombinant proteins in insect and human cells. 

Baeuloviruses and ontomopoxviruses are widely 
known insect viruses that have been isolated from a large 
number of insect species in widespread gsographical 
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Xcx=ations. In recent years, n&cttloviriw and poxviru 
vectors hav« achieved widespread accep^-ance for their 
ability to express proteins of agricultural «nd eedical 
iaportance. For exaaple, • bacalovirus vector vos used 
to express the first reeeabinant HIV envelop protains to 
receive FDA approval for clinical evaluation as a 
candidate vaccine for AIDS. 

Poxvirus research, and sore particularly tie use 
of vaccinia virus, a prototypic senber of the qroup of 
poxviruiM, has led to eukaryotic cloning and expression 
of vectors useful in various biological and Mdical 
applications. Xn 1982, Panicali and Paoletti reported in 
Proc. Hatl. Acad. Sci., Vol. 1979, pp. 4927-4931 (August 
1982) that endogenous subgenosic elevnts could be 
15 inserted into infectious progeny vaccinia virus via 

cecosbinatlon la »fivo. This ability to integrate vaccinia 
virus DMA sequences into infectious vaccinia virus progeny 
suggested the possibility for insertion of foreign genetic 
elenents into Infectious vaccinia virus via similar 
20 protocols. In order to test their assuaption, Panicali 
and Paoletti inserted the herpes virus tyaidine Unase 
(TK) gena Into a nuaber of vaccinia viru« preparations and 
obtain*! pure cultures of reconblnant vaccinia virus 
•^pressing the herpes virus gene. 

It was reported that vaccinia virus appear to 
have several advantages over other eukaryotic vectors. 
Most noteworthy was the fact that virus infectivity tras 
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not Lpaired by insertion and expression of foreign g 
in contrast to defective SV40 and retrovirus vectors. 

The vaccinia vims has been successfully used as 
an expression vector through the insertion of foreign 
5 genes into a non-essential region of the viral genoM via 
hc«olo90«is reeonbiMtion. However, aomm drawbacks have 
also been associated with the use of this virus. The eost 
difficult problea appears to reside in the fact that 
vaccinia expression vectors are not capable of producing 

10 abundant foreign proteins because of the absence of known 
strong prraaoters. 

Baculovlrua vectors have also been used for the 
expression of foreign genes in insect cells. Indeed, in 
the case of baculovirus, tvo very strong and very late 

IS promoters are responsible for the expression of tvo 
extrewsly abundant proteins, polyhedrin and pio. which can 
together constitute as such as S0% of total cellular 
proteins in baculovirus-infectsd eel is. 

Aatoqrapha californica nucleopolyhedrosis virus 

20 (AcNPV) is the prototype virus of the fanily 

BacuJovljridae. This virus has a wide host range and 
infects a large nunber of species of lepidopterua insects, 
oaring AcNW infection, two forss of viral progeny are 
produced. 

2' «»• first fora consists of extracellular vims 

particles (ECV) that are responsible for disa^Kination of 
the virun within the infected host by either endocytosU 
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or fusion. -ni. s.co«d fo« of viral progeny i, an 
oocl«d«i viru. part:icl. (OV,. particle, are 

Imbedded in proteinatlou. viral occlualon.. The major 
structural protein for«lr^ th« occluaion matrix is a 
polyhedrin protein havin, a molecular weight ot 29, coo 
da X tons. 

These viral occlumion. are an important part ot 
the natural viru. life cycle, providing the -an. for 
tra««l8sion of the viru. from one host to another. They 
provide th. virions, a degrem of protection against 
external environmental factors that would otherwise 
rapidly inactivate the extracellular viru. particle.. The 
occlusions diss^olve in the aUtallne environment of the 
insect gut, releasing the virus that invades and 
replicates in the cells of the mid-gut tissue. 

AcHPV possesses several properties that make 
this virus ideally suited as an expression vector for 
clonal euJtaryotic genes, sines occlusion of the virus is 
not absolutely essential for viral growth, the polyhedrin 
gens provides a non-essential region for the AcHPV genome 
in which foreign ONA may bs inserted. Placing foreign 
genes of interest under the control of either the 
polyhedrin of the pio promoter have lad in the best cases 
to production of recombina> t proteins at 20-25% of total 
cellular protaino. Ths rapid construction of afflcient 
transfer vectors has also bsen fadlltstwl by ths 
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rel.tlvly low cc.pl.xit3r of ,.„. r,^x.tio» in th. 

expr^elon at th. polyh*lrl« .«« pic b.culoviru. 

0.i„g prop.rtl.. Of Ac«^, . ^ja. v^ity of 

euxaryotic a«. proKaryotlc ^.v. b..„ «cpre..«, 

8«cce,.f„iiy with baculovlrn. v^rtor. 1„ ^.^j.. 

Howevar, expresalon for different qenes 

ln..rt«i l«to the sa.. vector «r. oftea different: ««, 
related to th. length a«l «.tur. .f th. leader 
proceeding th. for.ign ,.„., i» th. h..t availahl. 

v«:tor., th«r. i. .... variability 1« «.pre..lon level, 
depending on factor, such a. th. natur. of th. gen. 
th« protein expressed . 

Furth.r«,r., car.fal charact.ri,ation of 
nu..rou. reco.binant prot.in. ha. pointed to nam. problem 
in po.t-tr«,.lational .edification, in inaect cell., .uch 
" 1-p.lred glycylation. incoiiplete proteolytic cleavage 
Of poly protain pr«c«r«,r., inefficient ..cretlon. 

Thi. would appear to pr«.lud. th. utilization of thi. 
•vprcion ,y,te. for th. production of n««rou. coeplex 
»».lian protein,. i„ thi. r.gard, oth«r alternative. 
b.tt.r «,lt«l f or th. «cpr.«io« of -«-alian profin., 
•uch a. admioviru. vwrtor., «.r. al«, d.v.lop.d. 

JUtenoviru.«i (Ad) hav. firrt b..n i.olat«l ov.r 
thr.. dacada. sine th«., «ny .ffort. have b.«. 

Inv-atl into dnfinln, th.ir biological proporti... Th. 
IneiMt. a.««i.tion that th.« viru«. hav. with th.ir 
bo.t during infection ha. pota«tlat«I th.ir valu. a. tool. 
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biosynthesis in aaualian cells. 

Ths f »por.l patfrn of adanovlru. infection of 
h^m^ cells i. generally de«rcated into ti« phases of 
5 expression, early and late, which ar. separate* by the 
onset of replication after about ■ hours. Early i„ 
infection, at least 7 pro«,ters are active, ,««rati«, 
transcripts fro. early regions X-4. over 30 Msagers 
corr«pondi«s_to the .-^rly- regions -hav^ been ide«ti,l«.^ 
10 RNA analysis and/or cORA cloning. 

Xn contrast, the high level, of expression of 
the abundant viral late proteins are the result of the 
strong transcriptional activity of one proeoter, the Mjor 
late promoter (MLP, which i, responsible for the 
15 production of som twenty late proteins ««:oded by an 
equivalent nueber of MtNA's. These sBlU's are all derived 
fro. one very long prisary transcript by eaturatlon 
processes involving differential splicing and 
polyadenylation events. Among those late proteins, three 
20 structural proteins, namely hexom (xs-aot of total 
cellular proteins), fiber (8-lo%) , and pmnton (2-4%), am 
one non-etructurel protein naeed XOOK (S-XO%), constitute 
collectively as much as 3S% of total cellular protein, in 
*d-lnfected cells, whereas the remslnin, late 
proteina would constitute so.. 9%. rigur. x show, an 
autoradlograa of th. lat. structural protain. 
.etabolically labelled with methionein fro. adenovirus 
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l«f«cted 29, cell.. MPyW, r.coia.i«.„t „. product 

following th. d..criptio„ pro^id*, ,^ ^ ^ 

1986, Mol^nilar and C.H„l« Biology, vol. «, mo. pp. 
2872-2883, hereby lncorpore1*« by refereac. The relative 
5 abuiKlance of the., l.t. viral protel« fluctuate 
depending on inf«stion condition.. However, little i. 
Jcnown about the .echani« which regulate, thi. phenieenon. 
in any c.,e. only a «all portion of th. .tr»ctur.l 
protein, which are ayntheeized in copiou. amount, 20-30% 
10 of the hexon and 1-5% of penton a«I fib«r reTOrt:ively, 
are a..e.hled Into functional nueleocapeid.. Therefore! 
it wa. «,on realized that appropriate «nipoiation. of M 
genoM could potentially re«,lt in the conetructlon of Ad 
reco-binant. expr...i„g foreign rrot.in. at very high 
15 level.. 

The f lr.t huvin adenoviru. (Ad) vector, have 
been developed in the early 1980'.. Theee vector, have 
been u.ed to oxpre.. a wide variety of viral and cellular 
gene, (for a coeplete revi«,, ^ Berkler (1988), 

20 Biotechnique.. Vol. «, 7, pp. ^^.^ 

incorporated by reference). curr«.tly, ther. are three 
potential co«rcial application, for Ad vector., naeely 
in l)-high level expree.ioa of heterologoe. protein., 2) 
life vlrel wb-onlt vaccine, and 3) ge„. tranefer v^sLr. 

55 for eetabllrtlng .table cell ii„.. or gene therapy. 

Adenoviru. vector, appeared pro.i.lng for 
•xpre..ion of high level, of protein, since tran«a:iption 
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from the «.jor lata prcotar v.. «, efticl.nt .«l high 
level. Of tra„.l.tion were .ccoi.p«.i«, by host protein 
synthe.i. sh«t-ofr late i„ i«,«:tion, facilitating protein 
isolation. Furthemore, h««w ad«K,»im.- can replicate 
efficiently to very high titers (lo» - lo^* pfn/nl) in 
hu-an cells as well a. other m^xian cell. 
adencr^iruses produce their lat. protein, at levels that 
reach 30 to 40« of total cellular proteins. Finally, they 
can prcpagated 1« suspa«io5 ^iiteii therejsy 

de«,n.tratinq . clear pot«»ti.l for large scale 
production. 

However, because of the co-plexity in the 
regulation of gene expression in adenoviruses, the 
development of their full potential as high level 
expression vectors lagged behind bacolovirus vectors, m 
fact, the -ajority of recosbinant adenoviruses constructed 
thus far express only low to -oderate levels ^ 
heterologous proteins. These levels are u«.«lly lower 
than the nor»al levels of adenovirus late proteins, only 
a hand-full of exaaples of adenovirus recosbinants were 
Shown to express interesting level, of recombinant 
protein. wh«, co^red to som of the abundant adenoviral 
late protein.. Bxanple. include AdSVRiia (Gluz«ui et al., 
1982, Bufcaryotic viral Vectors, cold Spring Harbor 
Laboratory Pr.«i. H.Y., pp. 187-X9a) *hich «qiresses the 
SV40T antigen at 3.8% of total cellular protein, (see 
Siaiani. and Lane, 198S; see alM Figure 1) and AdS-Riu^ 
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vhlch expresses the HSV rlbo^^a^^^. r«,ucta- 
2 (112, 4.6% ot total cellule ^rot^in (X^ro^ 
1990. aoumal o, central ViroXo^, 71. 1785-179,. h^.^ 
incorporated by ref iirence) • 

Also described 1„ the literatur. .re .d««vir« 
recoi^l^^nt: thai: to produce forel.:„. protela. 

levels Which are so^what between the l.vel at which the 
100 K protein is produced and the level at which th. fih«, 
protein is produced, althoo^ «. accurate qu«.titatio« 
reported in those latter cases. However, it see« that 
none ot these Ad reco-binant «icceeded in expressing their 
heterologous protein at a level equivalent to or higher 
than th. level of hexon ov fiber which are respectively 
the first and second -ost abundant proteins in M^int^ 
cells. 

A better understanding o£ the -olecular 
»echanis« underlying the co-pl«c regulation ot gene 
expression in adenoviruses i. e^ential in order to 
construct transf., vectors which exploit the ft.11 
potential for high level of expression of this syst.,. 
on. exa-pl. th. best reco«,i»«t cistron ass-hl.^ 

so far for high level of expression of foreign gene. i„ 
ad««vlru. i. represented in the transfer vector p*dBIU 
(La-«ch. .t .1. i„ ^ expression 

ca.«ett. includ.. .«p.e„ti.lly: a tran.lation.1 pro«*«: 
(MLP), a high efficient tran.l.tional l.ad« (wa 
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trip.«lt. ,uci„, .i^^. . 

■ultiple polyadenylation sitM. 

I-o„9 et al. in (i,^,,, ^^^^^ 
vol. 64. Ko. X. pp, 5I-«o, reports, that s^nc^^,,,l 
binding proteina .re induced during i... i.f ph.«. 
infection of adenovi^s typ* , ciUO, . Th«^ p,^.^ 
interact with 3 region- in th. fir,* i„tro„ ^^^^ 
lat, promoter tra««riptio„ ^t free po«ition« .3. to 

*80 to *105 a«. .X05 to ,.1.^1,. ^ 

transcription initiation .if. ..„^, ^ 

significance of the,, binding .it.. «. tranacription, th. 
binding site, were deleted and it w.. ,ound that the., 
deletion, caused significant r-uction, in the rat. of 
transcription, specifically during th. lat. ph... of 
infection. Th. author, conclude, that th. r^uif 
indicated that th. high rat. of transcription fro. the 
»aior lat. promoter during th. lat. phas. of infection 
resulted from the interaction of virus-l^iuced 
transcription factor, with 3 bi«U„, .it., xoc.te, in the 
mtron b.tv..„ th. f ir.t a^ th. .^tlv. portion of 

th. tripvtlt. iMdur. 

in a recMt articl. «rt:itle» -A..«biy of 
•muincr. pro«,t.r. and spUc. .ig«.i. control 
expreision of tran.f.rred g.„«,- M.thod. and 

Bn.y«.iogy, vol. XS5, pp. 5X.-527, , Krl.,l«: indicate, 
that th. most critical variabl. in th. d«iig„ of chineric 
.xpr..sio„ cistron. i. th. ..lotion of an e„h«««: 
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elesent or eleaenu for inclusion in th« recombinant 
molecule. First identified in the genomes of sV4o and 
murine retroviruses, enhancers arm dascribed by Xriegler 
as being the most peculiar of all Imom expression 
5 elements. Kriegler mentions that the key properties that 

make an expression element an enhancer include I) they are 
relatively large elements and may contain t«peated 
sequences that can function independently, 2) they may act 
over considerablo distances, up to several thousands base 

10 pairs, 3) they may function in either orientation, 4) they 

may function in a position independent manner and can be 
Vithin or do%mstream of the transcribed region bat can 
only function in cis (if several promoters lie near by, 
the enhancer say preferentially act on the closest) and S) 

15 they may function in a cell type or tissue-specific 

manner. 

An analysis of the effects of the variation of 
position of the SV40 enhancer on the expression of 
multiple transcription units in a single plasmld revealed 
♦■-wo types of position effects. One position effect is 
called promoter occlusion and resolts in reduced 
transcription at a dovnstream promoter if transcription is 
initiated at a nearby upstream promoter. This effect does 
not involve enhancer elements directly, even thoiagh the 
effect is mos^ pronounced %rhen the dovnstreaa promoter 
lacks an enhancer element, -nie second effect stMS from 
the ability of promoter sequences to reduce thm effect o^ 
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a single enhancer ele^nt on otber promoters in th* same 
pXasvid. 

Thu., according to Kriegl.r. th« SV40 enhancer 
element ia a co-plex structure whose function is sttbj«:t 
to scmm position effects and whose cell-typ— sp«rif ic 
activation is dependent, i„ part, oa the absence or 
presence of active cellular factor, or proxi«l sequences. 

Another example given by Kriegler is one of a 
viral enhancer described in the hepatitis B virus. This 
enhancer is located 3' to the hepatitis B virus surface 
antigen coding sequences but contained »ithi» the 
-ature viral transcripts. Author, have reported that the 
HBV enhancer can dramatically increase expression level, 
of genes controlled by the SV40 snhancer/promoter bufc only 
I? when the enhancer is located within the transcribed region 
of the gene. Further, this effect appears to be 
orientation dependent, a violation of enhancer mles. 
Hence, the conclusion drawn by Kriegler on enhancers 
appears to be that enhancers are highly varied and 
20 function in a variety of ways. it therefor. see^Hl 

difficult to predict where or bov a «,-called enhancer 
sequence .ay be displaced in the geno.. of a recoebinant 
adenovirus vector to enhance expressioa levels. 

The huMn Ad MLP is one of the strongest 
-MMlian proMters known. Although active In the early 
phase of the infection, its transcriptional activity is 
increase 30-50 fold during th. lata phase. it ha. been 
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Shown that: a ncb-r of ci—ctln, «queac« ar. aw^itH 
to confar tha full trMiacrlptional activity to the HLP 
(see Hond«s«rr and K«ing«r, 1991, M«clalc Acid. Rasearch, 
vol. 19, MO. 12, 3221-322S, h«raby incorporatmJ J, 
reference). These include an upstrea. eleunt (ue) 
betireen -«7 and -49 relative to the transcriptional .tart 
site, a TATA bos centered at -28, and an initiator eleeent 
encospassin? the transcription start site. i„ addition, 
soee dovnstreae eleeent (DB) have been napped and 
designated, Rl (+37 to +«8) , OBl (+85 to +9«) or H2 (+80 
to +105) , and 0B2 (+109 to +124) or R3 (+105 to +125) (see 
Figure 2). mile the OB, the TATA box and the Ri 
dovnstreaa elewnt have been shown to be iaportant for 
bas»l transcriptional activity of the MLP both at early 
and late tiees, the DB (DEI and 0B2) would be essential 
for late phase specific activation. OBl and 0E2 are 
functionaly redundant and probably bind to the sane 
transcription factor(s). They say also interact 
synergistically with the UB by an unknown -ech.^nisii. to 
bring about their late phase sptrific transcriptional 
activation. At this point, it is not clear whether these 
cis-acting sequences are -enhancer-like- or downstreaa 
preeoter eleMnts and whether enhanced expression could be 
obtained by inserting thea in a transfer vector. These 
sequences are sissing in all of the HUP currently used in 
Ad transfer vectors described so far. This appears to 
explain in part the limited success obtained with the 
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rep rted A<1 reco-blnan^. xn any .vent, th, 
<H«lculty in properly evaluating the position at .hich 
enhancer-lUca or dovnstrea- pro«.ter .le.«,t. coald b. 
Inserted to e„ha«:e expression rtlU re.ai„. to b. solved. 
gPWMART rr m Ti^vyr pno, 

xn accordance with the present invention, there 
IS provided an adenoviral recoi^in«,t transfer vector to 
be used in the production of high level, ot heterologou. 
proteins in host cells. The high levels of expression are 
Obtained through the use of at least on. enh««er 
sequence, optionally conjugate to oth«: enhancer 
se«r.ences placed at specific region, on the adenovirus 
vector. Thus, the present invention relates to a 
recombinant transfer vector capable of introducing a DMA 
sequence encoding a recosbinant protein into an adenovirus 
genome. Th. transfer vector includes an expression 
cassette comprising a cloning vehicle having . OKA 
sequence comprising sequentially a tran«:ription pro«rt:.r, 
a high efficiency leader, at least one splicing ,ig„.i, „ 
enhancer-like sequence, a cloning site and a plurality of 
polyadenylation sites. Th. enhancer-lilc. sequence is to 
be located b.t«H.„ th. high efficiency lead«. and th. 
Cloning site where th. foreign gen. i. to b. incorporate.. 
Preferably, the enhancer-liJce sequenc. correspond, to th. 
>30 to *130 AD2MLP s«^ence described in 1990. Journal of 
Virology, Vol. «4. Ko. i. pp. 51-6O, th. cont«,t. of which 
i. h.r.by incorporate, by r.f .r«K:.. x„ .^th.r pref^d 
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aspect: of the present invention, thm adetnovirua vector may 
also include another enhancer- liJte sequence to be located 
inediately upstream fro» the transcription promoter- 

The invention also relates to a recombinant 
adenovirus expression vector capable of expressing a DHA 
sequence encoding a recombinant protein in aasaalian 
cells, preferably in husan cells. Ths expression vector 
is an adenovirus genome comprising a DHA sequence encoding 
a recombinant protein and . a mot sequence comprising 
sequentially a transcription promoter, a high efficiency 
leader, at least onm splicing signal, an enhancer- lUcm 
sequence, a cloning site and a plurality of 
polyadenylation sites. 

Also within the scope of the present invention 
is a method for producing a recombinant adenovirus 
expression vector posessing the ability to express a OKA 
sequence encoding a recombinant protein in mammalian 
cells. The method comprises cleaving adenovirus DHA to 
produce a DHA fragment comprising sequentially a 
transcription promoter, a high efficiency leader, at least 
one splicing signal, an enhancer-liXe sequence, a cloning 
site and one or a plurality of polyadenylation sites; 
preparing a recombinant transfer vmctor by inserting thm 
DMA fragment into a cloning vehicle and thereafter 
inserting at least onm DHA sequence encoding a recombinant 
protein into the thus modified cloning vehicle such that 
the DHA sequence encoding thm heterologous protein is 



uTtelsr the c ntrol of the transcription proMter; 
contacting the recoaJbinant transfer vector with adenovitoa 
DHA through hoHologous recombination; and isolating and 
recovering the desired recombinant adenovirus expression 

vector . 

Also within the scope of the present invention 
is a method for synthesizing a recombinant prctein which 
comprises infecting mammalian host cells with a 
recombinant adenovirus expression vector wherein the 
ex pres s ion vector is an adeno v irag g enome compris ing a DMA 
sequence encoding a recombinant protein and a DNA seqaence 
comprising sequentially a transcription promoter, a high 
efficiency leader, at least one splicing signal, an 
enhancer- like sequence, a cloning site and a plurality of 
polyadenylation sites; growing the mammalian host cells 
and recovering the desired product. 

with the construction of the adenovirus 
expression transfer vector of the present invention, 
unprecedented levels of recombinant gene expression have 
been achieved in preferred host cells such as human and 
mammalian cells. More preferably, human 293 cells 
infected with belper*free adenovirals recombinants 
generated with the best mode of the transfer vector of the 
present invention have produced recombinant proteins that 
represent the most abundant polypeptide in the cell, aven 
exceeding the level of the most abundant viral late 
protein, the hexon. 
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With the transfer vector ot th. prw^tt 
invention, co— erclal production ot r«».bl««,t protein, 
fro. host cell, infected with r«»i*l«„t plasld. 
generated fro. this transfer vector is render., possible, 
one .ajor factor for th. econdcal production of 
recombinant proteins in the adenovirus syrte. lies in the 
possibility to produce reco»a,inant proteins i„ »usp«»lon 
cultures, ror exaeple, the huM„ 2,3. hu«n U62 and th. 
Hel. call line, or derivative, thereof bewrln, th. 
adenoviru, EX reqion which have bee. adapted to a. 
suipeneion. can b. used preferentially. High level, of 
•xpression can also b« achieved in other typM of 
■a^alian and huMn cell., but it i. to b. not. that th. 
use of helpers nay in son. instance, b. n«:.ssary. m 
order to achieve these exceptional and econonical viable 
levels Of expression, it appears that the position In the 
transfer vector of th. enhancer-llh. sequence, preferably 
the AdJMLT enhancer-like sequence referred to previously 
is critical. The present invention will be «>re readily 
illustrated by referring to the following description. 
IV JMM PBMgjagfl 

^ Rg l ativfl <nninntatiQn of nmi-.i ^^ ^ ^^^ ^ „ .^^ 

gg ll a infrrred by vario... ,,oo, p ^|n ^ n^ , 2,3 

cell. wer. infected with Ad5*Bi/dl309, Ad5pno» or 
Ad.sVRH2. At 20 h after infection, they w«. lab.led for 
2 h with 1^=] nethlonin.. Total protoin. ww. extracted, 
resolved by SOS-PJUSB electrophoreei. (io%), andrevealed by 



autoradiography* The position of the Ad abundant late 
proteins, hexon, lOOK, penton and fiber as well as 
recoabinant SV40 large T antigen, are indicated. 
,ig. 2 niaqraeg Adg endoaenoue WLP DMA fragMCnt as 

fotind in normal T location in the aenoae or ectopic MLP 
P H^ ^^ag^e g t* ^Qtind in Ad transfer yec*:ora . (See text 
for details) . The diagrams are not drawn to scale. 
Symbols: (SS) splicing signal, (tpl) tripartite leader, 

(pA) polyadenylation signal. 

rig. 3 piroductio** of recoiibinant Ad. 

Pig. 4 ggmlete gftfiatic m ^p of pAdBWl and oAdmiS transfer 
vectors . As illustrated on the diagraiM, pAdBKS was 
derived from pAdBMl by successive cloning of BKV enhancer 
elements at Bgi II sites nucleotides 380 and 2590, and Ad2 
MLP enhancer- like element at Bbl II site nucleotide 2010 
on pAdBMX map. All of the genetic -slements present in 
pAdBMl have been described in details in Lamarche et al. 
supra. The inner number on the vector refer to position 
map units (m.u.) on Ad5 genome {for symbols, see legend. 
Fig. 2). Briefly, pML2 -is the B, coil replicon, the 
segments with dashed lines (0-1, and 9.4-15.5 m*u.) 
bracketixtg the expression cassette (between X.O and 9,4 
m.u.), are AdS subgenomic portions involved homologous 
re<;pnbination to generate Ad recombinant as shown in Pig. 
3 and in Ad replication. 
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rig* 5 Relative cniantiitation of HSV Wi and ?i-*rt^ffffa In 
helper-free Ad5 recombinants derived tram oAd Bm or nAdiiMH 
transfer vecti>r«. 293 cells were infected with AdS-^ 
aE1/aS3, indicated in panels A and B. Mode 293 are non- 
5 infected 293 cells. At 48 h after infection, total cell 

extracts were prepared and proteins were resolved by 8% 
SDS-PAGH (panel A) or 10% SDS-PACB (panel B) • The 
resolved proteins were detected by staining with Cooa.issie 
blue. Holecolar weight aarXers are shown on the left in 
, 10 panel A and oo ths right in panel B. The position of the 

abundant late proteins, hexon, lOOK, fiber as well as the 
recombinant RL and R2, are indicated* 

PBTXII.gD DBSVriTTI^F THB IMVBirriCMi 

The invention relates to an adenovirus transfer 
15 vector useful in achieving production of high levels of 

recombinant proteins in aaomalian cells. The expression 
cassette of the trams fer vector of the present invention 
includes a fragment which comprises sequentially a 
transcriptional promoter, a high efficiency leader, at 
20 least one splicing signal, a first enhancer- like sequence, 

a cloning site, and a plurality of polyadenylation sites. 
Preferably, the sequence also comprises a second enhancer- 
liXe sequencm upstream from the transcriptional promoter 
and two* 5' donor sites located upstream of the MI.P 
25 enhancer-likm sequence and om 3' acceptor site located 

immediately downstream. The presence of the second 
enhancer-like sequence appears to be optional as aarginal 



enhancesent: in exprassioa is obFtain«d whm i^ is presMt 
in the vector without the firs^ enhancing-liJce Mqaance. 

Preferably # the transfer vector of the present 
invention lacks the E3 coding region which is teovn to be 
dispensible for growth of the virus in cell col tores as 
well as the EX coding region which encodes proteins 
essential for the activation of adenovirus promoters. The 
loss of the El region in the vector is cospleaented by an 
appropriate sassalian cell line smch as 293 cells which 
constitutively express the El protein fro» an integrated 
El (preferably AdSEl) coding region. These deletions 
allow for the insertion of up to a 7-8 kb of foreign DMA 
generating conditioner helper-free adenovirus vector. 
Adenovirus vectors are preferably suited for the 
expression of recoebinant eaauaalian proteins, particularly 
but not exclusively of husan origin. 

Helper-free adenovirus recoebinants generated 
with the transfer vector of the present invention are 
chosen to infect host cells in an appropriate sedius. 
Preferably, the culture host ceil is a aassalian host cell 
and more preferably, a huMn cell of the type described 
above. 

Among the transcriptional promoters that say be 
used to prepare the transfer vector of the present 
invention, strong viral promoters are preferred because of 
their efficiency in directing transcription. However, 
other transcriptional promoters such as the mouse 
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metallothionein (MT-l) promoter, tl» SV40 Xate prowter, 
the SV40 early promoter and cyto^alovirua (OWl proMtar 
.ay be used. A particularly preferred viral propter ie 
the aajor late propter (MLP) txcm adenovirus. 

The transfer vector of the present invention 
also includes a high efficiently leader innedlately 
downstreaa fro. the transcriptional prowjter. Preferred 
leader sequences are viral leader sequences which includ.. 
the adenovirus first leader and the adenovirus Ll-IX 
leader, the SV40 leader and the parvovirus leader- A 
particularly preferred leader sequence is the high 
efficiency viral leader, adenovirus tripartite leader 

(TPW • 

The presence of efficient splicing sequences {5* 
and 3') that have been functionally shown to participate 
in an nW»A splicing event say also be required. Preferred 
splicing sequences include 5' donor sites of either the 
first or the third segment of the trepartite leader and 3' 
acceptor site from an immunoglobulin gene. 

With regard to the polyadenylation sites, it 
seems that a plurality of sites is preferred in order to 
generate the highest possible level of the appropriate 
recombinant proteins. The number of site, may vary fro. 
3 to S ba« it would appear that th. preferred mi.ber of 
25 site. b. 3. Th. polyadenylation sitM that may b. choM. 

for us. in th. transfer vector of th. present inv«ition 
may be selected fro. but are not restricted to th. group 



20 
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consisting of SV40 early or laf poly a .ig^x,, polyo-, 
early poly A, AdS ;,,xon moiA poly A signal, and B^lobin 
poly A signal. 

The profsrred •nhanc.r-liko asquftnco to bo 
introduced in tho transfer vector of tho pr.««,t invention 
is a sequence nor«iHy located in th« intron betve«. tho 
first and the second active mmsamnem of tho tripartite 
leader. In order to preserve tho integrity of the 
tripartite leader, the enhancer-lik. sequence was 
relocated fiirthwr downstrea. fro. it. nor«l po.ltion. 
Preferably, the enhancer-liJc. .«rie«ce i« positional about 
303 nucleotides further do«wtrea. fro. it. noM 
position in the AdS gene. This relocation of the 
anhancer-liJce sequence relative to it. nor«il po.ition in 
the AdS genome resulted in a 2.S to 3 fold increase in 
reconUjinant protein expression when comparing a vector 
devoid of the enhancer-like sequence such as pAdBHl with 
a vector bearing the enhancer-liJte sequence downstrea. 
from the tripartite leader such as pAdBMS. The enhancer- 
like sequence is specifically exemplified at page 54 of 
Leong et al. (Journal of Virology, 1990, Vol. 64, Ho. 1, 
op. 51-60, hereby incorporated by reference). it i. 
poMible that other enhancer-lik. sequences may be used at 
a similar position, it is alM preferred to us. a second 
enhancer-like sequence l«Mdiately upstream of the 
translation promoter. A preferred enhance sequence is 
th. BKV Oun enhancer sequence vhich is described in Berg 



•t Huclttic Acidtf RM«arcl»« Vol. xs. No. 18, 19S«, pp. 

9057 » hereby incorporated fay reference. Teete have been 
conducted using an enhancer sequence upetreaa froa the 
promoter without an enhancing sequence between the 
tripartita leader and the cloning site without noticing 
siibstantial isproveaent in expression yields. This say be 
an indication that the second enhancer-liXe sequence 
located upstreaai fron the proaoter is not absolutely 
required bu^ does not exclude the possibility of a 
synergistic interaction between the two enhancer-lUce 
sequences . 

The transfer vector of the present invention has 
wide application in the construction of recoabinant 
adenoviruses for the production of recombinant proteins in 
maaaalian cells. These applications include the 

production of coaaercial quantities of therapeutic and 
comnercially iaportant proteins. The vectors of the 
invention nay be adapted to include sequences encoding 
proteins of interest and coding saquences which enhance or 
enable the expression of biologically active proteins of 
interest. It is iiwportant to note that the transcription 
of the foreign gene in the resulting recoebinant 
adenovirus takes place in the opposite orientation froe 
thm overall direction of transcription of the late 
adenovirus genoM. This is required because it has been 
shown previously in other adenovirus recosbinants that 
expression in the save orientation as the overall 
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direction oC transcription can intarfar* vith tha normal 
axprasaion of other adenoviral genes In the dovnetreaa Blh 

region. 

The expression vectors of the present invention 
say be introduced into host cells by infection using 
methods described in the prior art* An exasple is the 
nethod described by Lasarchs et al. supra. Various 
■amalian host cells can be us e d in the contaxt of the 
present invention. Exasples of sanalian cells includtt 
husan cells and bovine cells. Suitable sassaliaa cell 
lines include the 293 (ATCC 1573) cell line, or Hela and 
K562 cell lines as well as derivatives expressing AdZl and 
isolates of these cell lines, although it will be obvious 
to those slcilled in the art that other cell lines By be 
preferred for the production of particular proteins. The 
host cell line should be selected on the basis of its 
ability to produce the protein of interest at a high level 
and/or its suitability for very specific post-transitional 
modification of the desired protein. 

It was found that when using the best mode of 
the transfer vector of the present invention the 
recombinant adenovirus replicated efficiently to levels 
close to 5 X 10 pfu/«l. It is to be noted that excessive 
^expression levels say in som instances reduce the titer 
belov acceptable levels. Rwever, in the case of AdSHSV- 
Rl and Ad5HSV-R2 recombinants that illustrate preferred 
eabodiaents of the present invention, even thoogh a 
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reduction in titer was observed as a result of very high 
expression levels of the recombinant proteins, their 
respective titer was still routinely above 5 X 10^ pfu/sl, 
a level which is required for larqa sclae production. 
Indeed, these two recombinant proteins have been 
efficiently produced in 293 suspension cultures in volumes 
of up to 5 liters* Henc3, the expression obtained with 
the preferred vectors of the present invention is liXely 
to be close to the upper limit of the system when bearing 
scale-up considerations in mind. 

The following example is provided to illustrate 
rather than limit the scope of the present invention, 

g?^^glf if 

Production of reeoabiaaat adeaoviras* 

The coding region of the desired heterologous 
gene is first cloned, in a transfer vector such as pAdBHl 
(or its derivatives) at the unique B^sHZ cloning site, 
downstream of the strong Ad2 sajor lane promoter « The 
const ruct ion of vector pAdMBl is described in Lamar che et 
al. supra. Figure 3 demonstrates the production of 
recombinant adenovirus based on transfer vector pAdBMl. 

* The resulting recombinant pl^smid is then 
rescued into the genome of the adenovirus vector 
Ad5AEl/aS3 by in vivo homologoiAS recombination between 
overlapping sequences on the linearized plasmid and the 
large right-end fragment of the AdS genome, upon 
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cotransfactlon t huMn 293 cmXlm. Ttklm cell line 
constltutlvely expresses the Ad5 El qmnm product* vhich 
are essential for the helper-free propagation of 
Ad5AEl/^E3 derived recombinants. Oigeetioa of Ad5ABl/AC3 
viral DMA with Cia i prior to tranefection allow, for 
obtention of recombinant adenovinim at a frequence of 5- 
20%. 

Coastruotion of adaaovirus racomblaaat. 

1. The gene to express is first cloned in a 
transfer vector such as pAdBH-l at the unique Baaai 
cloning site. The resulting rec^winant plasald is thra 
rescued into the genome of the adenovirue vector 
AdSABl/AO by In vivo homologous recombination between 
overlapping sequences on the linearized plasmid and the 
large right-end fragment of the AdS genome. 

2. Preparation of pAdBHl transfar piaMld. 

20-50 aq of plasmid DHA is digested with Clal or 
£:coRX, extracted once with buffer-saturated phenol and 
chloroform/ isoamyl alcohol (24:1), precipitated with 2.4 
volumes of ethanol and resuspended in 50 Ml of sterile TE 
1/10. The concentration of the linearized plasmid is then 
estimated in an agarose gel* 

3. Preparation of Ad5ABl/AB3 TirmX oaik* 

1- 293 cells infected with AdSaEl/aBS at a m.o.i. 

of 5-10 are harvested 40-48 h post- infection, washed twice 
with 'cold PBS and resuspended in 10 mM Ttim pH 7.9 (2 
volumes per volume of cell pellet). 
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2. The call pellet is then freeze-thaved 3 tiaee to 
release intracellular viral particles, and extracted with 
1,1,2-trichlorotrifluoroethane (freon) as feUov: (all 
steps on ice) . Mix an equal voIum of cell sn^ension and 
freon and blend in an osniMixer at full speed for 2 sin. 
Spin at 2K for 15 min., collect top phase (aqueous) and 
ri^extract the freon phase tvice with the saae volume of 
buffer (10 aM Tris pH 7.9) « 

3. The virions are purified through 2 ccssecutive 
CsCl gradients. 

In SW 27 cellulose nitrate tubes, pour 8 el of 
CsCl 1,4 (53 gr 4. 87 el of 10 eM Tris pH 7.9) and very 
gently on top pour 56 el of CsCl 1.2 (26.8 gr > 92 el of 
10 mM Tris pH 7.9). The aqueous phase containing the 
virions is then loaded on top of the discontinuous 
gradient (up to 22 el/ tube) • 

Centrifuge at 23K for 90 ein at 0*C. 

Collect the virus Hand by side puncture. Dilute 
X/2 in 50 mH Tris pH 7,5, 1 bM EOTA. 
b> Continuous cnradienfe; 

Using a gradient eaker, pour continnous Csci 
gradient in SW27 cellulose nitrate tubes using 12 el of 
CsCl ^1.4 and 14 al of CsCl 1.2* Load 8-10 el of the 
diXuted virus suspension on top very sluwly. 

Centrifuge at 231c for 16-20 hrs at 0«c. 
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Collect: turn virus band by sida punctora and 
dializtt against 100 voIubqc oC lO aM Tris pa 7,9, 1 aH 
EDTA (3 changes) and finally against 100 mH Ttis pU 8.5 i 
mM EDTA. 

c) Purification of viral DMA fro, vir-iowi. 

Incubate at 37 •€ for 2 hrs with self -digested 
pronase at a final cowentration of i ag/»l and SDS 0.5%. 

Add MaCl to a final concentration of loO mm, 
extract twice with buffer- saturated phenol, one with 
chloroform/ isqamyl alcohol (24:1) ani precipitate with 2v5 
volumes of ethanol. 

4 . Ad5AEl/AE3 is digested with an excess of claX 

(map unit 10) to minimize the fraction of undigested viral 
genomes since they represent the background noise in the 
screening of recombinant viruses. 

Typically, 5 units of Clal/fiq of viral ONA are 
added for 3 consecutive incubations of 1 hr at 37 'C. 

An aliquot of the preparative digestion ia 
further digested with HindllZ and analyzed by comparing 
the restriction pattern with the pattern obtained upon 
digestion with tfiiidlll alone. If the Clal digestion is 
incomplete, repeat tne preceding step. 

Clal-cut Ad5ASl/AB3 DMA is then extracted once 
with buffer-saturated phenol and chloroform/ isoamyl 
alcohol (24:1), precipitated with 2.5 volumes of ethanol 
and resuspended in 50 ^1 of sterile TB 1/10. The 
concentration is estimated in an agarose gel. Figure 4 
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illustrates the aaps of both rccoabinant transfer vectors 
pAdBMl and pAdBMS. 

4 m TrsAsfeotioa of 293 cells to generate AdS 

r ecosbiaant s • 

1. 293 are plated in 60 ssi-diaaeter dishes at l.o 
X 10^ cells/sl one day prior to transfection (in OHOi 
10% FBS + antibiotics). 

2. 5 of transfer plasaid (linearized with CJal 
or EcoRX) containing the gene to express is mixed vith 5 

of ClaX-cut Ad5AEl/A£3 viral. DMA and trans fected onto 
sub-confluent 293 cells using the standard calciu 
phosphate technique • 

3. As a control for the transfection, X iiq ot 
Ad5AEl/A£3 viral DMA > 9 of carrier DNA is also 
trans fected. This should yield sore than 100 plaques. 

4. After overnight incubation, the DNA-calcius 
phosphate co-precipitate is resoved, the cells monolayer 
washed once with EGTA 1 sH in PBS and twice with PBS and 
splitted into 3 X 60 nm-diaaeter dishes, 

5. After 4-6 hrSr the aediua is removed and the 
cell monolayers are overlayed with Seaplaque agarose 1% 
(mix agarose 5% 1:5 with OHEM > 10% PBS antibiotics). 

6. Viral plaques (usually 20-60) that appear 
between days S axMl 15 post* transfection are picked (as 
agarose plugs) and grown on 293 cells into 24 wells plates 
(5 X 10^ cells/well). (Complete CPS is obtained in 3*7 
days) . 
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S. 0or««niii9 And ptiririMtioa oC AdS rMoatoiaaats. 

1. Viral DNA froa* 200 ot Xysattt for each 
individual plaque is extracted vith 10 Ml of io% SOS' and 
10 Ml of pronaeo (20 wg/ml} incubated at 37*c for 2 hrs. 

2. The DNA is then denatured by adding 40 m1 of IM 
NaOH (incubated at R.T. for *10 ain*} and neutralized by 
adding sequentially 40 Ml of IM Trie pH 7.5 and 40 m1 of 
IM HCl. 

3. The DNA ia finally put on a hybridization 
membrane using a dot blot apparatxis and screen with the 
appropriate probe following standard procedures. 

4« Positive plaque isolates are tested for 

expression and 2 of the best clones are further plaque 
purified twice. 
Plaque assay. 

1. The day before, 293 cells are seeded at 5 X 10^ 
cells/60 mm plate). 

2. viral lysates are diluted into completed medium 
up to 10*^ and the last 3 dilutions (lO"', lo"*, lo"^) are 
used to infect 293 cells (0*5 ml /$0 ma plate, for 60*90 
min) . 

3. The diluted lysates are removed and the 
monolayers overlayed with 5 ml of agarose 1% (mix agarose 

4. : 5 with DM£M > 10% FBS antibiotics). Plaques appeared 
within 5-10 days. 

A novel Ad expression transfer vector « pAdSHS, 
that allows for the production of unprecedented levels of 



I 

recombinant protein using thm Ad expression systca has 
been described. High levels of expression were obtained 
by relocating the enhancer-like sequence in the intron 
located between active sequences 1 and 2 of the tripartite 
leader, as shown in Figure 2. It was shown that in busan 
293 cells infected with helper-free Ad recosbinants 
generated with pAdBHS transfer vector, the 'reconbinant 
protein represents the most abundant polypeptide, even 
exceeding the level of the aost abundant viral late 
protein, the hexon. Figure 5« illustrates the enhanced 
production of the recombinant protein in pAdBHS. 

Furthermore, it seems that the actual level of 
expression obtained with pAdBMS derived recombinants Ad is 
probably very close to the upper limit of the system* 
First, from the level obtained with the previously 
reported transfer vector pAdBMl (Lamarche et al. supra) in 
the range of 4% of total cellular proteins, for both HSV 
Rl and R2 genes, up to 3 fold increase has been observed 
leading to levels as high as 20% of total cellular 
proteins, as shown in Figures 5a and b. This level is 
higher than the maximum obtained for the hexon (16%, see 
Figure 1) in 293 cells infected with AdSa/aES virus that 
do not express foreign protein and suggests that in pAdBMS 
derived Ad recombinant the very high production of the 
recombinant protein takes place at the expense of the Ad 
abundant late proteins. Consistent with this 

interpretation is the observation that the titers of the 
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recombinant viruses are significantly reduced, although 
not to the extent that the large scale production ot 
recoahinant protein with the Ad e> : ression systes^ is 
affected. 

5 CWteHgt i gP gg lac3-Ra fusioe pretei» wm^^j^ 

The H5V2-IU coding region vas expressed under 
the control of the lac proMter as a fusion protein 
containing 6 additional aaino acid residues derived fro« 
the lacZ gene using the following cloning strategy: 

10 1. A 2.7 kis (3gl Il-rst 1) fragMnt contaiAing the HSV2- 

R2 coding region vas first cloned into the polylinJcer site 
of pUC8 between the Baa HI and Pst X sites. 
2, The 560 bp (EcoR I-Baa HI) fragMnt at the 5' end of 
the R2 gene vas deleted and the vector self-ligatsd vith 

15 the appropriate Daa HI linker to yield pM02. The plasaid 

is shorn in Figure 6. 

<;9Bf ^g^ff^iQ;; of vegtprs for authentio m ^^pry^^i^ p 

In order t:o produce large aaount of authentic R2 
protein, the R2 coding region vas inserted into 3 
20 expression vectors as depicted: 

1. pGEMtac, an S. coli expression vector using the strong 
tac proaoter« 2 constructions were generated in which the 
spacing between the Shine-Oalgamo aotif and the M 
initiator ATG was d bp (3gl II*BcI I) or 13 bp (Bcl I-Bcl 

25 I) respectively* 

2. PaC373I, an optiaized baculovirus transfer vector, 
derived froa pAc37?, which uses tiim strong polyhedrin 
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proaoter and contains th« c<»pl«t« polylwdrin laadac 
sequence upstxeaa of the uni<iue Baa HI cloning site. To 
generate recoeblnant baculovirus, pAc373l-R2 was rescued 
into the genoM of Autographs caJiroralcs nuclear 
polyhedrosls virus by in vivo ho«>logo.is recoirt>in«tlon 
upon cotransfectlon with wild type AcHPV OHA into S19 
insect cells. 

3. pAdBMl, an adenovirus transfer vector which uses the 
strong Ad2 sajor late proM>ter (MLP) and contains the 
adenovirus tripartite leader and a splice junction 
upstreas of the unique Baa HI cloning site. To generate 
recoabinant adenovirus, pAdBIU-R3 was rescued into the 
genoae of the adenovirus vector Ad5AEl/*E3 by in vivo 
homologous recoabination between overlapping sequences on 
the linearized plasaid and tlie large right-end fragment of 
the AdS genoae, upon cotransfectlon of huaan 293 cells. 
A siailar procedure was repeated to yield pAdBM5-R2. 
Figure 7 illustrates pGEMtac-IU, pAc3731^R2 and pAdBMl-R2 
(pAdBM5-R2 is now shown) . 

M rtw^lnftflt protein produetios *ffitn 7 t1 ? B 

B. Goli (strain JA221) containing the R2 
expression plasaids pMD2 or p6eatac-iu were grown to an 
OO590 o« 2.0. Protein extracts were prepared essentially 
as described by Ingeraarsoa et al. in 19«», Journal of 
Virology, S3, pp.1 3769-377S, hereby incorporated by 
reference. Briefly, the bacteria were washed in 25 aH 
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HEPES (pH 7.6), resuspended in thm sam buffer to an OO 

590 

of 200, than fre«z« in liquid nitrogan and thavad on ica. 
KCl, PMSF and agg vbita lysosyma vara added to final 
concenta^ions of 80 bM, 1 nM and 300 $iq/mX, respactively, 
and the mixture vas incubated on ice for 20 ain. After 
another cycle of freezing and thawing, cell debris were 
resoved by centrif ugation at 44,000 g for 60 min at 4*c. 
The major part of the supernatant (crude extract) was 
frozen until further purification. A minor fraction was 
passed onto a small Sephadex G-25 column to remove RR 
inhibitory molecules and analysed for R2 reductase 
activity. 
Adenovirus 

Subconfluent 293 cells (l.O X 10®) in 850 cm^ 
15 roller bottle were infected with Ad5BHlR2 or AdS6tf5R3 at 

10 PFU/cells. The cells were harvested, usually 48 h. , 
p.i., washed twice with PBS, pelleted and resuspended in 
50 mH H£P£S (pH 7.8) with cold 2 mM OTT. Proteins were 
extracted by sonication and insoluble materials were 
20 removed by centrif ugation at 12,000 g for 10 min. A 

fraction of this crude extract (6-2 5- tree ted) was save to 
measure R2 activity and the remainder further purified. 
Baculovirua 

Sf 9 cells were grown in suspension at a density 
2S of 3 X 10^ cells/ml and infected with the recombinant 

bacalovirum Bacsa at 10 PFU/cell. 48 h., p.i., cells were 
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harvested and protein extracts were prepared am described 
above tor the recoebinant adenoviruses* 
^jgioatiai* M nreteim 

The first step oC puritication consists of 2 
successive salt precipitations. First , streptosycin 
sulfate vas added to the crude extract to a final 
concentration of 1%* After 1 b* of stirring at 4*C, the 
suspension vas centrifuqed at 12,000 g for 20 sin to 
remove the precipitated nucleic acids. Then, assonius 
sulfate vas added to obtain 30% of saturation for the 
coll extracts and 60% for the eukaryotic cell extracts. 
After 30 sin of stirring at 4*C and centrifugation as 
above, the pellet vas dissolved in 50 sM HEPES (pH 7.8), 
2 mM OTT (buf far A) and dialysed against the sase buffer* 
As second step, an anion exchange chrosatography 
vas performed essentially as described by Lankinen et al. 
in Journal of General Virology, 1991, Vol. 12, pp. 1383- 
1392/ hereby incorporated by reference. Briefly, after 
the anaonium sulfate precipitation, the supernatant vas 
dialyzed overnight against two changes of 20 nK BisTris- 
HCl, pH 5.8 and 10% glycerol. The precipitate vas reaoved 
by centriTugation at 24,000 g for 40 sin at 4*C« The 
supsmatant vas then loaded onto an FVLC anion exchanger 
KbnoQ hr 10/10 column (Pharaacia) and R2 protein vas 
eluted vith a gradient of KCl. Fractions containing the 
R2 protein vers concentrated by ultrafiltration using 
Centriprep- iO (Amicon) and vashsd tifice vith buffer B 
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containir^ 10% glycerol. Protein S3 concMtration in th« 
purified fractions vas Masiarad by thm cooMMia blua 
mathod of Bradford dascribad in Anal. Bioch—. » 197€, Vol. 
73, p. 348, haraby incorporated by reference and with an 
^380-310 53,000 ll"^c»**' for the nearly hoaoganeous 

preparations • 

HSV R3 protein produced by the four expression 
vectors referred to previously is shown in Figure 8* The 
proteifis present in the cruda extracts ;lana 1, 4 and 9) , 
after the asMoniua sulfate precipitation (lanes 3, 5, 7 
and 10) and after the FPLC colosn (lanes 3, 6, 8, 11 and 
13) were separated by SOS-PACS and the gel was stained by 
Co-)massie blue. The total asount of protein loaded in 
each track are given in Mg the top of the figure and 
also the concentration of R3 protein expressed as 
percentage of the total asoont of protein. Results are 
shown in Figure 8 and in Table 1. 
R3 reductase assay 

R3 reductase activity was determined in the 
presence of excess anounts of the HSV3 Rl rabunit 
extracted froa 393 cells infected with a raccmbinant 
adenorviro expression vector (RX specific activity, 100 
U/ag) • Reductase activity was seasured by Monitoring the 
reduction of [^H]CDP as previously reported in Laser che at 
al. supra. Thm standard reaction mixture contained 50 aH 
HEPBS, pB 7.8, A mm NaF, 50 sH On, 50 MM CDP, and 0.35 
iiCL of [^HICDP. One unit of ribomadeotide reductase was 



-3«- 



2053187 



deCinwi as thm amount ot mnsymm rabunit qaiwrating i imol 
of dcrp/h undar thm standard assay condition* 

The sain conclusion ot thm pressnt work is that 
tha HSV*2 R2 protain prodocad b/ tha tvo eukaryotic 
systass is 3 fold nora active than tha protain produced by 
coll* This is particularly striking fro« the 
comparison of the mean values obtained froa six different 
aaswnium sulfate preparations of pMD2 R2 {3,230 a/sg of 
R2) and of AdSBMS R3 (10,750 D/vg of R2} • Preliatinary 
results on the aeasurenent of reductase activity of 
authentic R2 protein produced in ff« coli by our pGEMtac 
vector indicated that this protein exhibits an activity 
siailar to the one of the R3 fusion protain* Therefore, 
it appears unlikely that the presence of the extra 6 anino 
acids on this protein is responsible for its lover 
activity. Inefficiency of X* coiol for the generation of 
the free tyros il radical or sons inportant post* 
traductional eodif icationa could account for the lover 
activity. 

The results also shoved that the bacterial 
systea vith its high level of expression facilitate the 
purification of R2 proteins nearly honogeneous 
preparations can easily be obtained by a 2-step procedure. 
When applied to the adenovirus recoabinant R2, the sase 
procedure yielded preparations that were enriched to only 
50-60% vitn pAdBMl derived reoaabinants but to *over 95% 
vith pAdBMS due to its higher p ro d uct ion levels* 
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1- A r.co»tol„.„t tr«»f«: 
introducing . OHA .e,^,„c. .^^^ . r.co.,.i„„, p„f 1„ 
into .„ ad.«vi„. ,.„o... ^^^^^ 
.» .xpr...lo„ ca—tt. co^i.,^ ••p.^tl.liy , 
tr.„«mptlon pro«.fr. . high .«lcl«cy 
one splicing Signal, an enl^ncar-lix. s«^, . ,,,„^ 
sit. «Hl a Plurality of poly«tenylatio« .it... 

2. An adanoviru. tranaf^r vector having a- 
structure of vector pAdBMS .how. i„ pi,„, ^. 

3. A raco-blnant ad««viru. .xpra..ion vector 
capable of expressing a OHA se,„«,ce e«=odin, a 
r.co-.,ina„t protein in „a«Ua„ cell., „i^ expr.s.io„ 
vector being an adenoviru. co.pri.i^ . o« 
sequence e«»di„g a r«:o.bina„t protein a«. a OKA se<r,ence 
co-prising seguentlally a tran«n:iption pro«.t«:, a hig,. 
efficiency leader, at least on. .pXiei„, „ 
enhancer-lixe seguence. a cloning .it. and a plurality of 
polyadenylation sites. 
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